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INTRODUCTION 

Suppre-ssion of liquid propellant aloahina in rocket tanka 

hal la r~eely bfoen ac~ompli1hed by mean• of varioua ar.ranaementa 

of fixt"d bdffle1 and "floatini can'' type device a (I). • Another 

intere1ting type of 1uppre11ion device il that of a "lid" which 

e••enti.-Hy con1tr.ain1 the liquid 1urface to remain plane and 

normal to the- lnnKitudin.al axil of the tank; auch a device muat, 

of cour1e. move with the 'liquid •• i~e tank drai~a ao aa to re~ain 

alway• just in contact with the 'liquid free aurface. 

The purpoae of the irwe•tiaation reported here waa to 

uh~.1in date~ on the effco~tiver.e11 of 1uch floatina lid devicea in 

sllp ·•r•· .... au,: liquid aloahing in riaid cylindrical tanka havina a 

conit·.tl h"ttom. The teat facilitiea and procedurea employed 

••·r•· ··~M·ttta.llly thole de1cribed in oul' earlier publication (1). 

The laci!'O tlwmaclve1 were f.abricatcd from aolid platea riaidly 

s•• .. •·H·t,·d ou thrt.·~ dynamometer arma, in order to obtain data 

un t:" '"~'"" f,,rcea actina directly on the lida. a.nd had diameter• 

of appruxim"tely 99. 8~. ~nd 6'71t of the tank diameter (Fiaure U· 

'·" Numbt•rs in parenthcaia refer to the Reference• aiven at the 
t•ml uf the- paper. 
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The support syttenn was clamped to the tank to that the  lids 

barely touched the surface of the urhtiirhiri I.quid «rhich. in 

these tests, were water,  methylene bromiri«*.   and methylene 

chloride.     Each lid »liquid combination was tentrd at various 

excitation amplitudes and frequencies. 

EXPERIMENTAL   RESULTS 

Measured data for the total force response rcvutttng 

from translational excitaiion of amplitude*    X#    with the three 

different lids is given in Figures 2-17.     The data is prrscntrd 

in terms of dimensionless force amplitude and phase anglr   $ 

as a function of the dimensionless frequency parameter Qi*d/A. 

where d is the tank diameter.  A   is the liquid depth,  and   A   is 

the axial acceleration,  as employed prevuiuiily (1).    Data lor the 

lid having a diameter  99%  of that of the tank is given ir.  FiRures 

2-7 and shows that almost infinite damping of the total force 

response is provided at all liquid depths-   there being virtually 

no peaking of the force curve.     Such a linear variation of force 

response with the square of the frequency corresponds precisely, 

of course, with the results of theoretical predictions for a liquid 



with thr frei- surface constrained to remain plane and normal to 

the tongittidinal axis of the tank.     The 8S% lid  (Figures 8 • 13) 

appears tu intr%idure riampini; with a magnitude approximately 

equivalent tu that pruvidcd by the conical ring fixed baffle type 

uf tupp^essurs M)     althuUKh actual damping coefficients  hav^ 

not been i.tUulatid      The pe.ik magnitude is seen to vary with 

both liquid vtscustty ami cxntatiun amplitude   as   the liquid 

first mode resutianl frequency is increased from   W*d/+ a3Ltf 

with no lid tu    Cü*d/aL ~ S.O with lid.    The 67% lid introduces 

very little damping,  as evidenced by the magnitude of the peak 

furies   (Figures 14 -   17)       The liquid first mode resonant 

frequency    huwevrr.   appears to be slightly increased over that 

with no lid. 

The orientation of the dynamometers attached to the 

lids tor the purpose of obtaining data on the liquid forces acting 

on the lid is »hovin in Figure 18.    One more or less represents* 

tive plot of the forces on the lid is shown in Figure 19.     Most of 

the lid dynamometer data is somewhat questionable because of 

instrumentation difficulties anl therefore this data is presented 

only to show orders of magnitude and frequency response trends» 



Total force reaponae data from ainliiAr teat• "'ith the 

~xcitation provided by 'pitchina• about the liquad c. I· a a ahoY~n 

in Fiaurea ~0 • ]). Data for the 991• lid ia Riven in Figure• 

10 • 14. and ehawe aimilar trend• to that for the te•t• with tran1 • 

lational excit•tion. The theoretical curv .. • shown in aunle of 

the1e fiauree correepond to An ideal liquid • ·ith no •'•ppre1aion 

device (1). aiJ a matter of aenerd intc.ore•t · Tne 8S"le hd data 

(Fiaure• 1S • 19) And the 671t lid data (Figures 30 • 13) aho 

ahow trend• very aimilar to that for the ''""'• with transl.-.tionAl 

excitation. 

CONCLUSIONS 

The reeulta of theae te1t1 would ac.oern to lead to the 

fon,,wina aeneral conclueior.e: 

1. Fio.-.ting lid type devicee h.-.vana a 

diameter of 8Sfe. or more. of the tank diam~ter are quite 

eflective in providing inc reaaed damping uf the peak to~& I force 

reapon•e· A 6'7"/e lid provide• almo•t no dampina at all .. 

• Other atudiee of eloahing characterlatica in riaid cylindraca~~ 
tanka uncleraoing pitchina motion• are tliven in (~) and ( )) . 
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2- The peak force response* with the   85%   lid 

decrease with increasing excitation amplitude,  but increase 

■ lightly with increasing equivalent Reynolds' number of the 

test liquid       This is accompanied by a pronounced increase 

in the liquid first mode resonant frequency. 

3- The fore«! acting directly on the lids appear 

to be rather large so that auch devices may well prove to 

Invelv« figntficant weight penalties for the damping provided. 
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LID   DYNAMOMETER   ORIENTATION 

OYN. NO, 

MOTION 

DYN. NO t 

OYN. NO. 3 

(.TANK 

Mfllfi 
FORCE  ACTING  UPWARD ON  OYNAMOMCTCRS 
IS ASSUMED   POSITIVE. 

Figure   18. 
P 

• 
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